
OgesUserGuide,Version2.0,
A Solver for SteadyStateBoundaryValueProblems
on� OverlappingGrids PetriFast,

William D. Henshaw1

Centrefor AppliedScientificComputing
LawrenceLivermoreNationalLaboratory
Livermore,CA, 94551
henshaw@llnl.gov
http://www.llnl.gov/casc/people/henshaw
http://www.llnl.gov/casc/OvertureJune10,2002UCRL-MA-132234

Abstract: WedescribetheOvertureclassOges,an“OverlappingGrid EquationSolver”, thatcanbeusedfor thesolutionof
sparsematrixequationsonoverlappinggridssuchthatthosecreatedby thegrid generatorOgen.Ogesactsasa front endto a
varietyof sparsematrix solversincludingdirectsparsesolverssuchasthosefrom Yaleor Harwell or iterativesolvers(from
SLAPandPETSc)thatusealgorithmssuchasconjugategradientor GMRES.
To useOgesonemustfirst generateaasystemof equations(usuallydefiningaPDEboundaryvalueproblem)usingthe
‘coefficientmatrix’ grid functionsandtheOvertureoperatorclasses.Ogeswill takeacoefficient matrixgeneratedin thisway
andthencall theappropriatesparsematrix solver. Ogescanbeeasilyextendedto useanew Sparsematrixpackage.
Thisdocumentis availablefrom theOvertur e homepage,http://www.llnl.gov/casc/Overture.

Contents

1 Intr oduction 3

2 ExampleCodes 4

3 OgesParameters 5
3.1 operator= . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
3.2 getSolverName . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
3.3 getSolverTypeName. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
3.4 getSolverMethodName. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
3.5 getPreconditionerName. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
3.6 getMatrixOrderingName. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
3.7 set(OptionEnum, int ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
3.8 set(OptionEnum, float ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
3.9 set(OptionEnum, double) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
3.10 set(SolverEnum) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
3.11 set(SolverMethodEnum) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
3.12 set(PreconditionerEnum) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
3.13 set(MatrixOrderingEnum) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
3.14 get(OptionEnum, int & ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
3.15 get(OptionEnum, real& ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
3.16 getOgmgParameters. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
3.17 getfrom adatabase. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
3.18 put to adatabase . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
3.19 display. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
3.20 update . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

1This work waspartially supportedby grantN00014-95-F-0067from theOfficeof Naval Research

1



3.21 isAvailable(SolverEnum) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
3.22 isSolverIterative . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
3.23 buildEquationSolvers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

4 Convergencecriteria 10

5 Linking to PETSc 12

6 Adding a newsparsematrix solver to Oges 12

7 SomeMor eDetailsabout Oges 12

8 OgesFunction Descriptions 13
8.1 default constructor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
8.2 setGridsToUse. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
8.3 getMaximumResidual. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
8.4 get . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
8.5 put . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
8.6 writeMatrixToFile . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
8.7 writeMatrixGridInformationToFile . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
8.8 writePetscMatrixToFile . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
8.9 canSolveInPlace. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
8.10 setCoefficientArray . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
8.11 setCoefficientArray . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
8.12 setEvaluateJacobian. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
8.13 setGrid. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
8.14 setGrid. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
8.15 set(OptionEnum,int) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
8.16 set(OptionEnum,float) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
8.17 set(OptionEnum,double). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
8.18 set(SolverEnum) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
8.19 set(SolverMethodEnum) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
8.20 set(PreconditionerEnum). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
8.21 set(MatrixOrderingEnum) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
8.22 get(OptionEnum,int&) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
8.23 get(OptionEnum,real&). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
8.24 setOgesParameters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
8.25 sizeOf . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
8.26 printStatistics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
8.27 updateToMatchGrid. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
8.28 updateToMatchGrid. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
8.29 getMatrix . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18

2



Figure1: The‘toges’programcanbeusedto testOges

1 Intr oduction

WedescribetheOvertureclassOges,an“OverlappingGrid EquationSolver”, thatcanbeusedfor thesolutionof sparsematrix
equationsonoverlappinggridssuchthatthosecreatedby thegrid generatorOgen.Ogesactsasafront endto avarietyof sparse
matrix solvers.Currentlywehavesupportfor

Yale : directsparsematrixpackage(nopivoting).

Harwell : directsparsematrixpackagewith partialpivoting.

SLAP : The SparseLinear AlgebraPackagefrom GreenbaumandSeager, an iterative solver package,includesconjugate
gradientandgmressolvers.

PETSc : The PortableExtensibleToolkit for Scientific computations[1] from iterative solver package,includesconjugate
gradientandgmressolversin additionto many others.

By changingoneor two parameterstheusermayeasilytry a differentsolver. For example,althoughYale is in generalfaster
thanHarwell, thelatter, whichdoespivoting,maybebetterfor someproblems.TheSLAPandPETSciterativesolversmaybe
especiallyusefulfor very largeproblemswhenstorageis atapremium.

Ogescanbeeasilyextendedby you to useanew Sparsematrixpackage.
To useOgesonemustfirst generatea a systemof equations(usuallydefininga PDE boundaryvalueproblem)usingthe

‘coefficient matrix’ grid functionsandtheOvertureoperatorclasses[4][3][2]. A ‘coefficient matrix’ is storedin arealCom-
positeGridFunction. Typically thecreationof aPDEboundaryvalueproblemwill look somethinglike
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CompositeGrid cg(...);
realCompositeGridFunction coeff(...);
CompositeGridOperators op(cg);
...

coeff=op.laplacianCoefficients(); // form the laplace operator

coeff.applyBoundaryConditionCoefficients(0,0,dirichlet, allBoundaries);
coeff.applyBoundaryConditionCoefficients(0,0,extrapolate,allBoundaries);
coeff.finishBoundaryConditions();

Ogeswill take a coefficient matrix generatedin this way andthencall theappropriatesparsematrix solver. Usually this will
involveconvertingthe‘coefficientmatrix’ representationto someotherrepresentationsuchasacompressed-row storageformat
(this is doneautomaticallyby Oges).

Givenacoefficientmatrix,Ogescanbeusedasfollows

Oges solver(cg); // build a solver
solver.set(OgesParameters::THEsolverType,OgesParameters::yale); // use the yale solver
..or..
solver.set(OgesParameters::THEsolverType,OgesParameters::PETSc); // ...or.. use PETSc

solver.setCoefficientArray( coeff ); // supply coefficients
realCompositeGridFunction u(cg),f(cg); // build solution and right-hand-side

... assign f ...

u=0.; // initial guess for iterative solvers
solver.solve(u,f); // solve the equations
...

Generallyonemustalsosetotherparameterssuchastheconvergencetolerance,preconditioner, etc,whenusingiterativesolvers
suchasSLAPor PETSC.

TheglobalvariableOges::debug isabit flagthatgeneratesvariousdiagnosticoutputfromOges.SettingOges::debug=63
(63=1+2+4+8+16+32)will generatelots of debuggingoutput.SettingOges::debug=3 will generateonly somedebugging
output.

2 ExampleCodes

The file Overture/tests/toges.C is a testprogramfor Oges. Seethe files Overture/tests/tcm.C, tcm2.C,
tcm3.C, tcm4.C for examplesof workingcodes.Seealsotheexamplespresentedin theOvertureprimer[5]. Theflow solver
OverBlown [6] alsousesOges.Onecouldlook at thesourcefiles for OverBlown for furtherexamples.
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3 OgesParameters

Solver dependentparametersarefound in theOgesParameters class. It is a containerclassfor suchparametersarethe
typeof solver, typeof preconditioner, convergencetoleranceetc. OgescontainsanOgesParameters objectto hold these
parameters.Parameterscanbesetby directlyusingtheOgesset functions.Thiswill indirectlysetthevaluesin anOgesPa-
rameters objectcontainedin anOgesobject.Alternatively onecanfirst createanOgesParameters object,setparameters
in thatobjectandthenprovide theOgesParameters objectto OgesusingthesetParameters function(whichwill copy
youvaluesinto it’s localversion).Parameterscanalsobesetinteractively by calling theOgesupdate functionor theOges-
Parameters updatefunction.

3.1 operator=

OgesParameters&
operator=(constOgesParameters& x)

Description: deepcopy of data.

3.2 getSolverName

aString
getSolverName()const

Description: Returnthenameof thesolver, acompositeof thesolver type,methodandpreconditioner.

3.3 getSolverTypeName

aString
getSolverTypeName(SolverEnum solverType= defaultSolver) const

Description: Returnthe nameof the solverType suchas”yale”, ”harwell”, ”SLAP”, ... By default return the nameof the
currentlychosensolver.

solverType (input) : returnthenameof this solver type.By default returnthenameof thecurrentlychosensolver.

3.4 getSolverMethodName

aString
getSolverMethodName(SolverMethodEnum solverMethodType = defaultSolverMethod) const

Description: Returnthe nameof the solver methodsuchas ”gmres”. By default return the nameof the currently chosen
method.

solverMethodType (input):

3.5 getPreconditionerName

aString
getPreconditionerName(PreconditionerEnum preconditionerType = defaultPreconditioner) const

Description: Returnthenameof thepreconditioner. By default returnthenameof thecurrentlychosenpreconditioner.

preconditionerType (input):

3.6 getMatrixOrderingName

aString
getMatrixOrderingName(MatrixOrderingEnum matrixOrderingT ype = defaultMatrixOrdering) const

Description: Returnthenameof thematrixordering.By default returnthenameof thecurrentlychosenmatrixordering.

matrixOrderingT ype (input) :
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3.7 set(OptionEnum , int )

int
set(� OptionEnum option, int value= 0)

Description: Setanint optionfrom theOptionEnum.

enum OptionEnum
{
THEabsoluteTolerance,
THEbestIterativeSolver, // choose the ’best’ iterative solver and options.
THEbestDirectSolver, // choose the ’best’ direct solver and options.
THEcompatibilityConstraint,
THEfillinRatio,
THEfillinRatio2,
THEfixupRightHandSide,
THEgmresRestartLength,
THEharwellPivotingTolerance,
THEincompleteLUExpectedFill,
THEiterativeImprovement,
THEkeepCoefficientGridFunction, // keep a reference to the user’s coeff grid function
THEkeepSparseMatrix, // keep ia,ja,a sparse matrix even it not needed by the solver
THEmatrixCutoff,
THEmatrixOrdering,
THEmaximumInterpolationWidth,
THEmaximumNumberOfIterations,
THEminimumNumberOfIterations,
THEnullVectorScaling,
THEnumberOfIncompleteLULevels,
THEsolveForTranspose,
THEpreconditioner,
THEremoveSolutionAndRHSVector, // de-allocate sol and rhs vector after ev-

ery solve
THEremoveSparseMatrixFactorization, // de-allocate any factorization info af-

ter every solve.
THErelativeTolerance,
THErescaleRowNorms,
THEsolverType,
THEsolverMethod,
THEtolerance,
THEzeroRatio

};

3.8 set(OptionEnum , float )

int
set(OptionEnum option, float value )

Description: Seta realvaluedoptionfrom theOptionEnum.

3.9 set(OptionEnum , double )

int
set(OptionEnum option, doublevalue )

Description: Seta realvaluedoptionfrom theOptionEnum.
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3.10 set(SolverEnum )

int
set(� SolverEnum option )

Description: Setthesolver, avaluefrom theSolverEnum.

enum SolverEnum
{
defaultSolver,
sor,
yale,
harwell,
SLAP,
PETSc,
userSolver1, // these are reserved for new user defined solvers.
userSolver2,
userSolver3,
userSolver4,
userSolver5

};

3.11 set(SolverMethodEnum )

int
set(SolverMethodEnum option )

Description: Setthesolvermethod,avaluefrom theSolverMethodEnum.

enum SolverMethodEnum
{
richardson,
chebychev,
conjugateGradient,

cg=conjugateGradient, // cg= short PETSc name
biConjugateGradient,

bicg=biConjugateGradient,
conjugateGradientSquared,

cgs=conjugateGradientSquared,
biConjugateGradientSquared,
biConjugateGradientStabilized,

bcgs=biConjugateGradientStabilized,
generalizedMinimalResidual,

gmres=generalizedMinimalResidual,
transposeFreeQuasiMinimalResidual,

tfqmr=transposeFreeQuasiMinimalResidual,
transposeFreeQuasiMinimalResidual2, // tcqmr Tony Chan’s version

tcqmr=transposeFreeQuasiMinimalResidual,
conjugateResidual,

cr=conjugateResidual,
leastSquares,

lsqr=leastSquares,
preonly,

};
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3.12 set(PreconditionerEnum)

int
set(� PreconditionerEnumoption )

Description: Setthepreconditioner, avaluefrom thePreconditionerEnum.

enum PreconditionerEnum
{
noPreconditioner,
jacobiPreconditioner,
sorPreconditioner,
luPreconditioner,
shellPreconditioner,
blockJacobiPreconditioner,
multigridPreconditioner,
eisenstatPreconditioner,
incompleteCholeskyPreconditioner,
incompleteLUPreconditioner,
additiveSchwarzPreconditioner,
slesPreconditioner,
compositePreconditioner,
redundantPreconditioner,
diagonalPreconditioner,
ssorPreconditioner

};

3.13 set(MatrixOrderingEnum )

int
set(MatrixOrderingEnum option )

Description: Setthematrixordering,avaluefrom theMatrixOrderingEnum.

enum MatrixOrderingEnum
{
naturalOrdering,
nestedDisectionOrdering,
oneWayDisectionOrdering,
reverseCuthillMcKeeOrdering,
quotientMinimumDegreeOrdering,
rowlengthOrdering
};

3.14 get(OptionEnum , int & )

int
get(OptionEnum option, int & value ) const

Description: Getthevalueof an‘int’ valuedoption.

3.15 get(OptionEnum , real& )

int
get(OptionEnum option, real& value ) const

Description: Getthevalueof an‘real’ valuedoption.
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3.16 getOgmgParameters

OgmgParameters*
getOgmgP� arameters()const

Description: Returnapointerto theOgmgParametersobject.ThispointermaybeNULL.

3.17 get fr om a data base

int
get( constGenericDataBase& dir, constaString & name)

Description: Getacopy of theOgesParametersfrom adatabasefile

dir (input): getfrom thisdirectoryof thedatabase.

name(input): thenameof Ogeson thedatabase.

3.18 put to a data base

int
put( GenericDataBase& dir, constaString & name)const

Description: Outputanimageof OgesParametersto adatabase.

dir (input): putontothisdirectoryof thedatabase.

name(input): thenameof Ogeson thedatabase.

3.19 display

int
display(FILE *file = stdout)

Description: Print out currentvaluesof parameters

file (input) : print to this file (standardoutputby default).

3.20 update

int
update(GenericGraphicsInterface& gi, CompositeGrid & cGrid )

Description: Updateparametersinteractively.

gi: usethisgraphicsinterface.

cg: parameterswill applyto thisgrid.

3.21 isAvailable(SolverEnum)

int
isAvailable( SolverEnum solverType )

Description: ReturnTRUE if agivensolver (esp.PETSc)is available.

3.22 isSolverIterati ve

bool
isSolverIterati ve() const

Description: ReturnTRUE if thesolver chosenis aniterativemethod
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3.23 buildEquationSolvers

int
buildEquationSolv� ers( SolverEnum solver)

Description: Thisfunctionwill build anequationsolverof aparticulartype.Thisfunctionis foundin theOges/buildEquationSolvers.C
file. It is this file thatyou mayhave to copy andedit in orderto turn on theavailability solversthatarenot distributed
with Overture(suchasPETSc).

4 Convergencecriteria

Therearemany waysto defineconvergencecriteria for iterative methods.Thetrick for Ogesis to have a reasonableuniform
wayof definingaconvergencetolerancefor thedifferentmethods.

ThestandardPETScconvergencetestis

�������
	��������������������������� 	!�!"�#$�����
%
PETSc

where �'&(� 	*)
+

& 	 +

TheSLAPconvergencetestis somewhatdifferent:

C ******************* SLAP ******************
C *Description:
C SGMRES solves a linear system A*X = B rewritten in the form:
C
C (SB*A*(M-inverse)*(SX-inverse))*(SX*M*X) = SB*B,
C
C with right preconditioning, or
C
C (SB*(M-inverse)*A*(SX-inverse))*(SX*X) = SB*(M-inverse)*B,
C
C with left preconditioning, where A is an N-by-N real matrix,
C X and B are N-vectors, SB and SX are diagonal scaling
C matrices, and M is a preconditioning matrix. It uses
C preconditioned Krylov subpace methods based on the
C generalized minimum residual method (GMRES). This routine
C optionally performs either the full orthogonalization
C version of the GMRES algorithm or an incomplete variant of
C it. Both versions use restarting of the linear iteration by
C default, although the user can disable this feature.
C
C The GMRES algorithm generates a sequence of approximations
C X(L) to the true solution of the above linear system. The
C convergence criteria for stopping the iteration is based on
C the size of the scaled norm of the residual R(L) = B -
C A*X(L). The actual stopping test is either:
C
C norm(SB*(B-A*X(L))) .le. TOL*norm(SB*B),
C
C for right preconditioning, or
C
C norm(SB*(M-inverse)*(B-A*X(L))) .le.
C TOL*norm(SB*(M-inverse)*B),
C
C for left preconditioning, where norm() denotes the euclidean
C norm, and TOL is a positive scalar less than one input by
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C the user. If TOL equals zero when SGMRES is called, then a
C default value of 500*(the smallest positive magnitude,
C machine epsilon) is used. If the scaling arrays SB and SX
C are used, then ideally they should be chosen so that the
C vectors SX*X(or SX*M*X) and SB*B have all their components
C approximately equal to one in magnitude. If one wants to
C use the same scaling in X and B, then SB and SX can be the
C same array in the calling program.
C
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5 Linking to PETSc

An exampleof linking to thePETSclibrariescanbefoundin theOverture/tests directory. Type’make tcm3p’ to build
thetcm3.C testcodewith PETSc.Type’tcm3pcic.hdf -solver=petsc’to run theexampleon thegrid cic.hdf with PETSc.
This exampleassumesthat thePETSC DIR PETSC ARCH andPETSC LIB environmentalvariableshave beendefinedper
instructionswith thePETScinstallation.

Here is an explanationof the stepsrequiredto build an Overtureapplicationwith PETSc(as implementedin the above
example).By default, theOverture library is unawarewhetherPETScsolversareavailable.To usePETScyoushould

1. Build or locatea versionof PETSc.I have only built andlinkedOvertureto thenon-parallelversionof PETSc.Link to
thePETSclibraries(andlapack). I link to

petscLib = -L$(PETSC_LIB) -lpetscsles -lpetscdm -lpetscmat -lpetscvec -lpetsc \
-L/usr/local/lib -llapack -L$(PETSC_LIB) -lmpiuni

where$(PETSC LIB) is thelocationof thePETSclibraries.

2. Copy the files Oges/buildEquationSolvers.C andOges/PETScEquationSolver.C to your application
directoryandcompilethis file with theflags-DOVERTURE USE PETSC (or edit thefile anddefinethis variableinside
with #define OVERTURE USE PETSC).

3. Link thesenew files,buildEquationSolvers.o andPETScEquationSolver.o with your application(ahead
of theOverturelibrary sothatyougetthenew version)alongwith thePETSclibraries.

6 Adding a newsparsematrix solver to Oges

If youwantto addanew sparsematrixsolverto Ogesyoushouldlook atoneof theexistingsolvers,YaleEquationSolver,
HarwellEquationSolver, SlapEquationSolver or PETScEquationSolver. Theseclassesall derive from the
baseclassEquationSolver. Oges containsa list of pointersto theseEquationSolver’s. Youwill beableto addanew
solverto this list. It will beknown asOgesParameters::userSolver1, orOgesParameters::userSolver2 etc.,
dependingonhow many new solvershave beenadded.

Youshould

1. Derive a new classfrom EquationSolver, copying oneof the existing solvers(which ever is closest)to your new
solver. Hopefully youcanreuseparametersthatalreadyexist in OgesParameters.

2. Changethe Oges/buildEquationSolvers.C file to ‘new’ the solver to have definedand add it to the list of
EquationSolver’s. Changetheotherfunctionsin Oges/buildEquationSolvers.C asappropriate.

3. Compileyourfilesandthenew versionof buildEquationSolvers.C andlink to theseaheadof theOverturelibrary
whenyoubuild anexecutable.

7 SomeMor eDetailsabout Oges

In general,Ogesexpectsthat the userwantsto solve oneor moreequationsat eachvalid grid point on an overlappinggrid.
The numberof equationsthat aregiven at eachgrid point is calledthenumberOfComponents. In the simplecaseonly
oneequation,suchasa discreteLaplaceoperator, is specifiedat eachgrid point, numberOfComponents=1. In a more
complicatedcasetherewill bea systemof equationsat eachgrid point. For example,onemaywant to solve thebiharmonic
equationasasystemof two Possionequationsin whichcasenumberOfComponents=2.

Ogeswill createa large sparsematrix whereeachunknown for the sparsematrix will correspondto a particularcom-
ponentn, at a particulargrid point (i1,i2,i3) on a particularcomponentgrid, grid. Thus there is a mappingfrom�-,."�/102"�/�34"�/$54"76189/�:�%

to auniqueequationnumber. Thememberfunctions
/�,1;!<1=1>1?@;�/�A@,1B1A��C/�,@;D,4"�/�,1;E/102"�/$,1;F/$34"�/�,@;F/�5."�/�,1;!618�/$:�%

/$,1;1G@8181?1H!<1=1>@?1;�/$A1,1B1A��7/$,1;D,."�I�,1:@<1JLKMI102"�I�,1:1<@JLKMI�34"�I$,1:1<1JDKNI$54"�/�,@;D618�/$:�%

give theequationnumber(s)for eachgrid point. For now thefunctionequationNo is definedto useall thegrid pointsin a
givenorder. In thefuture,ausershouldbeableto definethis functionin adifferentway. Thereis alsoamemberfunction

O A9/�:D<1=@>1?1;9/�A1,1P@A�I�,@:1<1J��C/�,@;D<@=1,1B1A."�/�,1;!,4"�/$,1;F/@02"�/�,@;F/�3."�/�,1;E/�54"�/$,1;D6@8�/�:�%
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that mapsan equationnumber, eqnNo, back to a grid point andcomponent,
�',4"�/102"�/$34"�/�5."7618�/$:�%

(i.e. it is the inverseof
equationNo).

Sometimesextra unknowns andextra equationsare requiredin order to specifya problem. For example,an eignvalue
problemhasanextra unknown, theeigenvalue.An extra unknown maybeaddedto thesingularNeumannproblemin orderto
createa nonsingularsystem.Extraunknownsareassociatedwith grid pointsthatarenot used.Thenumberof extra equations
is specifiedwith setNumberOfExtraEquations. Ogeswill find unusedpointsthatcanbeusedfor extra equations;the
equationnumbersfor thesepointswill besavedin extraEquationNumber(i).

8 OgesFunction Descriptions

8.1 default constructor

Oges()

Description: Default constructor.

8.2 setGridsToUse

int
setGridsToUse(constIntegerArray & gridsToUse )

Description: Only solve theequationsonsomegrids.

8.3 getMaximumResidual

real
getMaximumResidual()const

Description: Returnthemaximumresdiualfrom thelastsolve.

8.4 get

int
get( constGenericDataBase& dir, constaString & name)

Description: Getacopy of Ogesfrom adatabasefile

dir (input): getfrom thisdirectoryof thedatabase.

name(input): thenameof Ogeson thedatabase.

8.5 put

int
put( GenericDataBase& dir, constaString & name)const

Description: Outputanimageof Ogesto adatabase.

dir (input): putontothisdirectoryof thedatabase.

name(input): thenameof Ogeson thedatabase.

8.6 writeMatrixT oFile

int
writeMatrixT oFile( aString filename)

Description: // Write the currentsolver matrix to the file ¡fileName¿. // The file consistsof triplets Q , R , S � Q " R %
(without

commas)// for eachnon-zeroelementof the matrix. // (Here Q =row, R =column,and// S � Q " R %�) S +UT elementof the
matrix.)

Author: pf
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8.7 writeMatrixGridInf ormationToFile

int
writeMatrixGridInfV ormationToFile( aString filename)

Description: Write thegrid informationaboutthecurrentsolvermatrix to thefile ¡fileName¿.

For each equation in the matrix, a line
is saved in the file with the following format:

ieq grid simpleClassify fullClassify

where:

ieq= equation number in the linear system
grid= grid number for this point

(In the classify flags, any non-negative value indicates a used
point. Negative values are equations with zero for the rhs )

simpleClassify=
-1=connecting grids (=interpolation,

extrapolation, or periodic bdry)
0=hole point (unused)
1=interior (=discretization) point
2=boundary point

(=boundary, ghostline, periodic)

fullClassify=
interior= 1,
boundary= 2,
ghost1= 3,
ghost2= 4,
ghost3= 5,
ghost4= 6,
interpolation= -1,
periodic=- 2,
extrapolation= -3,
unused= 0

Author: pf

8.8 writePetscMatrixToFile

int
writePetscMatrixToFile( aString filename,

realCompositeGridFunction& u,
realCompositeGridFunction& f)

Description: Only availablewhenlinkedwith PETSc(-DOVERTURE USE PETSC)

Write thecurrentsolver matrix to thefile ¡fileName¿.UsesthePETScbinaryformat. Supplyu,f asto ’solver’, theRHS
correspondingto f is alsosavedin thematrix file.

Author: pf
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8.9 canSolveInPlace

bool
canSolvW eInPlace()const

Description: ReturnTRUE if therhsandsol vectorscanbethesame.

8.10 setCoefficientArray

int
setCoefficientArray( realCompositeGridFunction& coeff0)

Purpose: Supplyacoefficientgrid functionto beusedto discretizetheequations.

coeff0(input): Herearethecoefficients.Ogeswill keepa referenceto thisgrid function.

8.11 setCoefficientArray

int
setCoefficientArray( realMappedGridFunction & coeff0)

Purpose: Supplyacoefficientgrid function(singlegrid only) to beusedto discretizetheequations.

coeff0(input): Herearethecoefficients.Ogeswill keepa referenceto thisgrid function.

8.12 setEvaluateJacobian

void
setEvaluateJacobian(constint evaluateJacobian0)

Purpose: ?

8.13 setGrid

void
setGrid( CompositeGrid & cg0)

Purpose: Supplya CompositeGridto Oges. Use this routine, for example,if an Ogesobjectwascreatedwith the default
constructor. Call this routinebeforecalling initialize.

cg0(input): Ogeswill keepa referenceto this grid.

8.14 setGrid

void
setGrid( MappedGrid & mg )

Purpose: Supplya MappedGridto Oges.Usethis routine,for example,if anOgesobjectwascreatedwith thedefault con-
structor. Call this routinebeforecalling initialize.

mg (input): Ogeswill keepa referenceto this grid.

8.15 set(OptionEnum,int)

int
set(OptionEnum option, int value= 0)

Description: Setanoptionfrom theOgesParameters::OptionEnum enumerator. Seesection(3) for a full description
of theoptionsavailable.

option (input) : chooseanoption

value (input) : valueto assign(for optionsrequiringavalue).
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8.16 set(OptionEnum,float)

int
set(� OptionEnum option, float value )

Description: Setanoptionfrom theOgesParameters::OptionEnum enumerator. Seesection(3) for a full description
of theoptionsavailable.

option (input) : chooseanoption

value (input) : valueto assign(for optionsrequiringavalue).

8.17 set(OptionEnum,double)

int
set(OptionEnum option, doublevalue )

Description: Setanoptionfrom theOgesParameters::OptionEnum enumerator. Seesection(3) for a full description
of theoptionsavailable.

option (input) : chooseanoption

value (input) : valueto assign(for optionsrequiringavalue).

8.18 set(SolverEnum)

int
set(SolverEnum option )

Description: Selectasolver from theOgesParameters::SolverEnum enumerator. Seesection(3) for a full description
of theoptionsavailable.

option (input) : optionselected.

8.19 set(SolverMethodEnum)

int
set(SolverMethodEnum option )

Description: Selectasolvermethodfrom theOgesParameters::SolverMethodEnum enumerator. Seesection(3) for
a full descriptionof theoptionsavailable.

option (input) : optionselected.

8.20 set(PreconditionerEnum)

int
set(PreconditionerEnumoption )

Description: Selecta preconditionerfrom theOgesParameters::PreconditionerEnum enumerator. Seesection(3)
for a full descriptionof theoptionsavailable.

option (input) : optionselected.

8.21 set(MatrixOrderingEnum)

int
set(MatrixOrderingEnum option )

Description: Selecta matrix orderingfrom theOgesParameters::MatrixOrderingEnum enumerator. Seesection
(3) for a full descriptionof theoptionsavailable.

option (input) : optionselected.
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8.22 get(OptionEnum,int&)

int
get(� OptionEnum option, int & value ) const

Description: Returnthe currentvalueof an option (this versionappropriatefor optionsthat have a valueof type ‘int’. See
section(3) for a full descriptionof theoptionsavailable.

8.23 get(OptionEnum,real&)

int
get(OptionEnum option, real& value ) const

Description: Returnthecurrentvalueof anoption (this versionappropriatefor optionsthathave a valueof type ‘real’. See
section(3) for a full descriptionof theoptionsavailable.

8.24 setOgesParameters

int
setOgesParameters(constOgesParameters& par )

Description: Assignthevaluesfrom anOgesParametersobjectto anOgesobject.

8.25 sizeOf

real
sizeOf(FILE *file =NULL) const

Description: Returnnumberof bytesallocatedby Oges;optionallyprint detailedinfo to afile

file (input) : optinally supplyafile to write detailedinfo to. Choosefile=stdoutto write to standardoutput.

Return value: thenumberof bytes.

8.26 printStatistics

int
printStatistics(FILE *file = stdout) const

Description: Outputany relevantstatistics

8.27 updateToMatchGrid

int
updateToMatchGrid( CompositeGrid & cg0)

Purpose: Give Ogesa new matrix to use.Usethis routine,for example,whena grid hasmoved. This routinewill causethe
matrix to berefactoredthenext time solve is called.

cg0(input): usethisCompositeGrid

8.28 updateToMatchGrid

int
updateToMatchGrid( MappedGrid & mg )

Purpose: UsethisversionwhenyouaresolvingaproblemonaMappedGrid.

mg (input): usethisMappedGrid
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8.29 getMatrix

int
getMatrix(� IntegerArray & ia , IntegerArray & ja , RealArray & a ,

SparseStorageFormatEnum format =compressedRow)

Description: Returnthematrix in agivenformat.

ia ,ja ,a (output) : referenceto thematrix in sparseform.

format (input): sparseformat
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